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Brans-Dicke theory
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Brans and Dicke (1961)



Waveforms in BD theory
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Inspiral：weak field and low velocity (post-
Newtonian approximation)

• Newtonian quadrupole order: Will (1994)

• higher PN order: Mirshekari, Lang, Sennett, 
Bernard…(2013~2022)

• orbit eccentricity: Ma and Yunes (2019)

• tidal interaction: Bernard (2020)

• spin of the compact objects: Brax et al. (2021)



Waveforms in BD theory
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• Peracaula et al. (2019):  smooth out Hubble 
tension 

• flat background

• not applicable for high z  binary sources



Weak field expansion
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small scale
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K. S. Thorne, “The Theory of Gravitational 
Radiation: An Introductory Review,” in 
Gravitational Radiation, edited by
N. Dereulle and T. Piran (North Holland, 
Amsterdam, 1983) pp. 1–57.

K. S. Thorne and R. D. Blandford, 
“Modern Classical Physics” (Princeton 
University Press, 2017) pp. 1338–
1341.

Local wave zone:  gravitational field begins to have wavelike behavior,

but the background curvature can be ignored.
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The local wave zone is the matching region.

Wave generation（flat） Wave propagation (curved)

Thorne (1983) 

Constant scalar field       GR



Sensitivity (scalar charge)
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The scalar field can influence the self-gravity of the compact object

The sensitivity and its derivative of the compact object A

The sensitivity of a black hole is 1/2. The sensitivity of a neutron star is about 0.2.



Weak field expansion
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Inside the outer boundary of the local wave zone 

Constant scalar field background and Minkowski background

Gauge condition



Wave generation
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To the leading order, the field equations take the form

similar to that of GR
quadrupole radiation



Waveforms in the local wave zone
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GR limit

binary in a quasicircular orbit



11

modifications:

amplitude correction
phase correction
extra polarization



Wave propagation and geometric optics
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FLRW can evolve



Geometric optics equations
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phase

amplitude

Tensor part
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Geometric optics equations

Scalar part



Retarded time and phase
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Amplitude
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evolution of effective G

In the local wave zone:



Waveforms in the (distant) wave zone
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Cosmological redshift effect
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GW waveforms
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reduce to the GR waveforms



Wave generation：

• amplitude correction, 

• phase correction, 

• extra polarization

Wave propagation:

• modified luminosity distance due to the evolution of 
the effective gravitational constant

Waveforms emitted by high z sources should contain 
both the wave generation and the wave propagation 
effects.
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Thanks
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Inconsistent waveforms
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Bias
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